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Investigaticns vere conducted to determine the entikmock effectivensss of 21 additive-
vater solutions used as internal ococolants in conjunction vith AN-F-28, amsndment-2,,fusl
in 2 modified CFR engine. It was found that three alkyl amines, six amides, end six
heterocyclic compounds raised the kncck limit of the bess fuel more than an equivalmmt
amount of water at most of the fuel/fir ratics. Ithanclamine and 2-amino-2-methyl-l-pro-
pencl reised the knosk limit at fusl/air ratios greater than 0.093. The 21 compounds in-
vestigatel were less proficient in raising the kmock limit than moncmethylsmine, dimsth-
Jlamine, and ethylensdismine, vhich had bdeen tested previously.
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RISEAPCY MEMORANDUM

NOCK-LIMITFD PCWER OUTPUTS FRCM A CFR INGINE USING

INTFRNAL COOLANTS
III - FOUR AIXYI, AMINFS, THREE ALKANOLAMINES
SIX NMIDES, AND EIGHT HEETEROCYCLIC CHMPATDS

By Tlarry 3, Irming and Doneld R. Bollman

Investigationg were conducted to dotcrmine tho antilmock
effectivencas of variouns additive-watsr solutiocns used as internal
coolants in conjunciion with AN-F-28, Amendment-2, fuei In a
modified CFR engine., Iech internal-coolant solutlon was Injected
at a coolant-fuoi ratio of 0,50 and contained 70-psrcent weter and
30-percent by wolcht of each of ithe following compoundo:

Alkxyl aninoz

Isopropylanine
Izobutylamine
tert-Butylomine
Munoamylanmine

Alkanoleninoes

Ethanolanine
Dietlranolanine
2-Anino=-2-nethyl-l-propanol

Anmiden

Formnnido
N-Ethyl{ormanido
N-Ethylacctenlide
H-Ethylpropionanide
I, K=Dimoth;lforunamide
N,N-Diethylacotanido
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Hoterceyellie c:mpounds
2,2-Dinetliylothyleninine
Mexrpholilne
Pyrridino
2=Mothylpridine
S-Mothylpyridine
4~Mothyipyridine
2,6-Muethiylpyridine
2-Virylpyridine

Results of invostigations are also vroscnted for AN-F-28,
Avendment-2, fucl run with no inlternal coolant and with water slone
a8 tie Internal eonolant at coclant-fuel ratios of 0.35 apd 2.850,
Tlree of tiie alkyl malines, the six emides, and six of the hobero-
crelic compownds raiced the imnck limdit of the desge fucl more than
an equivalent cocunt of water at most of +he fuel-alr ratlos investi-

ated. Ethunolamine and 2-amino-2-uethyl-l-prcjpanol ralsed tho knoek
1limit more than an equivalent amovnt of water at fael-air ratios
greator than 0.083. Tie 21 compuundns inveatipated weore less cffectivo
in raising the knocik limit thar menomethylandne, dimethylamine, and
othylenodianine, wilch wore proviously invostigated,

INTRODNCTICH

An investigation of tho antiknock cffectivenecas cf varlous
alditive-water scluticns whun used a2 internal conlanta has been
conducted at the JACA Clevoland leboratory. iline compounds have been
proviocusly run in a CIE engino and the regulta are prescnted in ref-
orences 1 to 3. Of the nine compounds, moncmeilylarine, dimethylauine,
ond othylenedlimuine permitted the greatest inerences in knuck<linited
power, Firom conslderaticns of tho phiyalecal properties, however, the
uss of theso caupounds as inte:mal coolants would be reztricted., For
exarple, mononethylanins and dimethylamine are gaseous at roon tempore
cture and hinve limited solubilitier in water., Ethylensdliamine, as
woll as monomethyianine and éimcthylanine, is corresive in contact
witl copper.

In an offort to fird a go:d antiknoekecoolent additive with more
deairadble rhysicnl rropertios than those of the nine cciupounds
previously investigated, water nolutions of four allyl amines, three
alkenolamines, six amides, and eight heterocyelic eowpounds were
investigatod and the results are proscnted,

RISTFRICTED
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INTERNAY, COOLANTS AND BASE FURL

Fach additive~wator aclution contained 3C-percent edditive by
wolght, Bolling points and sclubilities of tlhe pure additlvos aroe
preannted in the following tablo:

r fhysical proporties
Sialeive iEoiling Solubility
point }__ (n)
|_(oc) lWater 'Alcchol nitner

Alkyl enminogy
Jsopropylenin . ™
Teobutylasiine ©
tert-Butylerine oo
Honoauylamin

(uix:l‘\! iscues “)

Alkanolennincs
Tthanclenine
Diethannlanine
2-Anino=2-rict’yl=l=propanisl

Auildog
Formomide
NeEthylrorianide
li-Ftiylacetonido
N=Ethyiproplonaaida¥
H,H=-Dimethylforunzide
N,N-Dicthylacetamide

Hetoracyslic compounds
2,2=Dlnethylotlyienimine
Morpholine
Pyridine
2-Metlhylpyridine
3=Methylpyiidine
4=Methylpnidine
2,6-Dinsthylpyridine 435

2=Vinyloyridine 156 : va

SThe £011 wing &bbreviations are used to indicate the esiu-
bilitice of tho adiitives: o, infinltsly soluble;
vs, very solubls; 8, wsoluble; B=, sliightly soludle;
ves, vory siigntly scluble.

byo data mrs avallable for this corpovnd,
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In addition to rurs radc with additive-water solutions as internal
coolants, 1uns wore also made with waiter alune as the intornal coolant.

The additlve-wntor solutions wero prepared at this laboratory from
comsercial-grede cumpounds ard diatilled water. The 2,2-dimethylothylon-
imine and tho teri-tutylarmine compounds wers not avalleble cormerclally
and wore proepared ai thils latoratory. The correst cuncentration of
2,6-dimethylpyr!dine cculd be mainitained only at temperatures of 20” C
or less. Th!s solution wme kept in an ice bath while being run.

The werits of the Internal-cuolant sclrtions woro dcterminoed dy
the effect of the ccoimnt on the knock-lizited perf-rmance of AR-F-28,
Amendizent-2, fuel. A eingle bateh of this fuel was uszol ia this prosent
investigation and in the investigalions reported in reforeucea 2 and 3.

In order to avold confunicn, tha following definitions are used:

(1) Fuol: AN-F-22, Amerdacnt-2, used ag tase fuel

{2) Water-fuel ratio: weight ratis of water containing no
adiivive to AN-F-26, Amendmont-2, fuel

(3) Additivo-water ratio: woight ratio of pure additive to water

{4) Internal cuolant: elther pure wator or additive-water solution

AITARATUS AND PROCEDURE

The engineo, auxiiiary eculpmert, and proccdvre of investigating
tho internal coolauts were the same as deseribed !n reforence 3., The
edditive-water solutions wore run at a coolant-fuel ratio of 9.50.
Water alone was run at coolant-fuei ratiog of 0.35 and 0,50 by weight.

The following ongzinc corditions weirre maintained constant through-
out the progrem:

Fngine speed, rpme o « o &
Comprossion ratio. . « « o«
Spark advenco, deg B.T.C.
Inlet-air tempoiaturo, OF
Jacket temparature, OF , .,
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PREGYNTATION AND DISCUSSINH OF RESUITS

Kneek-linited indicated mean effective preasures and indicated
specific fuel consumptions pletted agalnst fuel-alr ratio for fuel
with and without water as an internal coolant are presented In
Tigure 1. Simllar data for fuel with internal-ceolant solutions
centaining 70-percont water by weight and 30-porcent of each of the
21 nddltives are pregonted in figures 2 to 4.

The following table indicates the rerreducibility ef the date
by glving ratios ei arithnmetlcaleunean doviation te average knock-
linited indicated mean effective vressure (expresced as percentage)
e3 determined from the runs of fuel alono and witii water as an
internal coelant:

| iRatl“ T aritimetical-mean deviation
—— ordbex te lnoclt:-linited imep
r:.;?:‘- uelf .r (percent)

runs Fucl=-air ratie
0.05{0,0610,07}0,08}0,00}0,10
: i o
8

12,0

0.50 : .0 | .8 J2.0 |1,

Tho walues in thls table were detzrmined from runs made at intervals
througihiout the prograu and indicate that a good degrec of reproduci-
bility was ebtained., The reproducibility of the knock-linited
perfemaence vhen using internal-coolant additives, however, was not
checked because of limited supplies.

The reosults cbtained in this investigation erc presented in
table I in terms of tie ratioz of the kneck-limited indicated mean
effective pressures cbtained wien using coclant additives to those
btained when using water alone at two different water-fuel ratles.
The upper and lovel velues were deteruminod by the follewing ratios:

ipper value,

knock-1imitel imev of 0.50 (0.30 additive + 2,70 water) + 0.50 fusl
knoecl:=linited imep of 0,35 water + 0,85 fucl
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lower velue,

Imock=-limited imep of 0.50 (0.30 miditive + 0.70 water) + 0,50 fuel
kneck-linited imep of 0.50 water + 0,50 fiel

An upper valve abevo 1,00 indicates that the addition of tho
add’tive raised the kock limit. This improvenent in knock-limited
poriormance can be attridbuted to the effect cf the sddiiive as an
antiknock agont end to tiae improvement in cooling wesulting from the
addition of more intexmai coclant per pound of fuel, A lower valuo
above 1,00 indicatas that the additive reised the knock limit o
greator amount than an oquivalent anount of weler. As before, this
improvement may result from the antilaiock gquellty of the alditive as
well as the cooling proporties. From this discussion,an upper value
above 1,00 togother with a lower walus below 1,00 therelore denotes
that the additive raised the knock limit but not as nuch as an
equivalent amount of water,

Mcnoamylemine, diethanclanine, 2,2-dimuthylethylenimine, and
rorpholine were lege effoactive than water as internal coolants for
all values of fuel=alr ratio., Fthanolumine znd Z2-omino-2e-mcthyl-
l-propansl were more ei'tective than waler as internal coolants at
fuel-alr ratios grecter than 0.093 but wore less effoctive than
wator at lowor fuel-air ratics. The alkyl amines (with tho excep-
tion of moncemylanine), the wildes, and tho heterocyclic compounds
{(with the exception of 2,2-3imethylothilenimine and morpholine) were
moro offectlive than water as internal cosiants for most values of
frel-air ratio,

The bar graph (fig. 5) compares at fuel-air ratios of 0,08,
0.08, and 0.i0 the offoctiveness of the internal-coolant additives
run during thie investigation with that of six !nternal coolants
previously reported in referonce 3., The values uscd In the graph
are ratios of the knocl:-limited indicatod moan effective prossure
permitted with an additlive-water solution az the internal coolant
to thet pexritted with water elure as the internel coolant at a
coolant-fuel ratic of 0.50. Moncmethylamine, dimethylamine, and
othylenedinuine aie nore effective na internal=ccolant additives
than any of the othsr 24 comvounls,

SUMMARY OF RESULTS

The results of inveastigaticns of water solutions of four mlkyl
aminces, three altunnlamines, six emides, and eight heterocyclic
comprunds a8 intornai-ceolant additives in a CFR ongino nmay be
auzmarized as followss
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1, Three alkyl amines, the six amides, and elx hoterccyclic
commounds were more offoctivo than water as internal coolants fcr
nmost valuves of fuol-zir ratio.

2, Monoamylnmine, diethanolemine, 2,2-dimethylethiyleninino,
and morpholino were leas effactive than water us intermal coolants
for 2ll valves of fuel-air ratio, Ethanolemine end 2~rmino-
2-rothyl-1l-propanol raisod the knock limit at fuel-z2ir ratios
greater than 0.092,

3, Tho 21 compounds invoatigatod were loss efloctive in
raising the knoci: limit than nonomethylenire, dimethylamino, and
ethylonediamine, which were previously iavostigated.

Aircraft Engino Research Laboiatory,
Hational Advisory Comittoo foi Aeronautics,
Clevoland, Ohio.

RTFERENCES
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April 1948,)
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3. Bellman, Donald R., Mceckel, W. E.,, and Evverd, John C.: Knock~
Limited Power Outputs from = CFR Engine Using Internal Coolents,
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cation changod from "Ccniidentinl” to "Restrictoed", April 1946.)
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/BIE I - SIMMARY OF AIITIINOCK TFFTRCTIVEINSS OF VARIOUS
COIPOUNDS A3 INTFRHAL-COOLANT ADDITIVES

CIR engins; AN-T-256, Amerdnent-2, f-un; enzinc apesd, 2500 rpm;
ccn .ea.lm ratio, 7.0; B arl: alvance, 20° B.T.C.; inlet-air tommer-
ature, 250° ¥; Jocket te “\,eraf we, EG F, For each additive there
are two rows /1‘ valuez. 1he upper value is ths ratlo

xnock-limited tiep of 0.50 (0,30 additive + (.70 woter) + 0,50 fuel
knock-1initod imep of C,35 water + 0.63 fuel

The lower value is tha ratlo

rr

knock-1imited Lmen of 0.50 (0,30 additive + G.70 watex) + 0,5 fu)lJ

-

¥noci:-1linited 3p off 0.50 water + 0,52 fuel

- e
| Fucl-air ratio®
s gttt

i i
[0.05:0.06{0.07]0.0810.0¢|1,10

Allyl aminos l ' {
Taopropylaaine j1,01f1.14 ‘.3n| 14}1.1211,01

l .:-7!1.- ot ll 07‘ .99

[

Isobutylanine .39 ! h| 3 11,32

'I

l i
tert-Butylamine - 1.37j1.211.2
217 l.l4ll..)'r'l.

Moncauylanine (niixcd ‘afmcrs)l Vs 114"' .02

27 . 6C

y Alkanolamines
| Ethanolanine

Diethanolanine H

.Jal--.a cnmm |

I
2-Amino-2-methyl-l-propancl | .77) .c6! .qe! ,
-7i' -7'..1 . 1l -91.

« =
~ =~
[av 4]

>

[
3 W

£

[uyen
2 O

3The campounda wore not consldered &g fuels and the heats of
combustion wers naglected in computing the fuol-alir ratics,

NATIONAL ADVISORY COMMITITEL FOR ATRONAUTICS
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TABTE T - CURIARY O AITTINOCK TFFICTIVENKSS OF VARIOUS
COMPOUIMS AS INTERIAL-COCLANT ADDITIVES - Continved

‘ Aditive Fual- air ratio® j
’_'—T .0610.0710. .oF_‘_om‘.;cj
Aaldos i '"7| |
Formauida l1.04 .04 01, v0f1.26]1.27]1.15
i +29) +92]1.1111.3141,12 1,10
N-Ethplf ormaride 1,07 h.1001.5500.26 {1,201 07
9 N9

2
.0541.13{1.21]1 '\J!J.A

K-Bthylacotarii QINA8Y 26 1. ‘L.l 22 ."
L02i1,00]1.3.2
|

NeEthyipwplonaid

K, N-Dinotiyiloruanide

!f Y
I, N-Dlotnylacctaride

Heterceyelis compounds
2,2=Dinetiyleth;leain'ne

Morpholino
Pyridine

2-Methylpyridine I 31 i ') .
1.28(1. -.1.*0,1.')‘5
S=Mathylpyiidine i 211,12 l 1.26,1.05
1. ’“|1 ,1011.05

]

4-Mathrlpyviidine $ 1Y 311,32

2,6-Dlucthylyryridine

L

>=Vinyleyridine Gl L 1 1.24] J..’L'

«12]1.16;1., 1: :4

8The compounds wore no: considerod as fuels and the heats

f cuasbustion were negiecied in couputirg the fuel-zlr
ratlios.

e e e e e e e -
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1.0

MO QT R
Puel-air ratio

(a) 8o internal eocolant. (b) Internal coolant, water,

Pigure 1. - Effect of water as intermal ocolant on knock-1limited performance of AN-P-28, Amend-
ment-, fuel, CPR engine; engine 2500 rpmj cempreassion ratjo, 7,03 spark ndv-c'
1 2509°F; Jacket temperature, 2500 B, T o

30° B.T.C.; inlet-air temperature,
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1] MAARAALALAALA AL AR LS TTTTFIvyrrrrreeey
y Internal coolant
(Coolant=fuel ratio,

by welght, 0,850)

Additive
(pereent )

None

30 ethanolamine

30 diethanoclamine

30 2-amino-2-methyl-1-
propanol .

Water
(percent )

— = — = HNone
e = 100
™0
70
T0

1

T
EaNunt
= |

|
/ [ Internal ecolant
(Coolant=fuel ratio,

by welght, 0,50)

hdditive
(pereent)

3
o

8

g
a
]
r
Ll

3
a
]
o
-t
<
®
s
=
[}
-
-
)
3

== == NHoo#
el |
% 30 isopropylamine

30 isobutylamine
30 tert=butylamine
30 monoamylamine

Water
(pereent )

g T NATIONAL ADVISORY
, oS iiiinisssssnsalasialisssl COMMITTEE FOR AERONAUT ICS |

«08 «08 «10 12 «0d 08 .08 «10 «12
Puel-air ratio

(s) Internal-coclart additives, alkyl aminea. (b) x:;.arnn-ccol.mt additives, alkanol=
smines.

Pigure 2, - Effect of vsrious slkyl aminea and alkaaclamines as internal-cocolant sdditives
o knock-limited performance of AN-F=24, Amendment-2, fuel, CFR engine; engine speed,
2600 rpm; oompression ratio, 7,0; spark advance, 30° B,T.C.: inlet-air tempersture, 250° py
Jacket temperature, 260° P,
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9
b =

o)

8

Internel coolant
{Coolent-fuel retio,
by weight, 0,50)

Additive
(pereent)
one

Water

AAMAAARASA SR ARAREASEASASS

None
30 formamide

30 N-ethylformamide
30 N-ethylegetamide

P

8

Internel coolant
{Coolent=fuel retio,
by weight, 0,50)

Additive
{ pereent )
one

None

30 N-ethylpropionamide
30 N,N=dimethylformamide
30 N,N=-diethylecetamide

Weter

{ percent)
None
100

Albasstss

Add

[TRTITVETY BYTUN

Xnock-113ited imep, 1b/sg in.

4

140 Y

-7 S 7

Py FOVOR FYPTY

i
b
)6 » OF

C

12

«04
Fuel=-air ratio

Pigure 3. - Rffect of variocue emidee es intsrnel-coolant edditivee on knock-limited performance

of AN-P-28, Amendment-2, fuel, CFR enginej engine epeed, 2500 rpm; compreaelon ratio,

7,03 apark advance, 300 p,7,C,; inlet-eir tempereture, 250° Pj jacket temperature, 250° p,
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vrreTY "'!'lte'rn';'l.'ceo'me' vrer v - A PN WA At b
3 (Coolant~fuel ratio,
by weight, 0,50)

Addltive
(pevoent)

- - Kone
(o] 30 2,8-dimethyl-
ethylenimine
30 1ine
30 dise
%0 thylpyridl

L RAAZIAAA0J MAARALAALAAAALE ALY

r
] I I I 3

3

AMAA aalaaaalaaaalasaslasasiasssiasas

Water
(peroent)

—=< None
-—=- 100
(o] 70

70
70
g %

asdasas

aadasaatasaalans

AdA

Xaoek-1imited imep, 1b/sq 18,

/
‘l
!
J
/

\

4 \ NAT IONAL ADYV ISORY N
4 m‘
140 A Addd Addd aasalasaatasaslanasls Add
04 .06 +08 .10 .12 .04 +06 .08 .10 .12
Puel=-air ratio

Plgare 4, - Effeet of various heterooyelio compounds as internal-coolant additives on lmock-
limited porformance of AN-P-28, Amendment-2, fuel. CFR engine} engine speed, 2500 rpmj
oompreasion rstio, 7,0; spark advance, 30° B.T.C.} inlet-air temperature, 230° Fj jscket
temperature, 2 P.
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AMER. TITLE: Inock-1imited povor outputs fraa a CFR cngino using intornal coolants. IIT -

four alkyl aninos, throe alkanolaminog oix anidos, and oight hotorocyolic eco-

pounda
JORIGINATING AGENCY: Hational Advisory Camittco for Aoronautics, Uashingtem, D, C,
TRANSLATION:
COUNTRY | LANGUAGE [FORG'N U. S.CLASS. ATE PAGES | ILLUS. FEATURES
. U.8. Eng. Rootr. Tob! 15 tablos, graphs
[ADS?GA@‘B‘

Invostigationo wore ocnducted to dotcrmino tho antilmock offoctivences of 21 additivo-
vator soluticas used as intormal cooloate in conjunction vith AN-P-28, amondmont-2, fuol
in a pofificd CFR cagino, It was foued that throo alkyl aninoe, olx a..uidca, end pix
botorooyelic campourds roaiocd tho kmoek 1init of tho baso fuol roro than an oquivalcat
ecount of wator at 1:00% of tho fuol/oir ratico. Bthanolenino and 2-anino-2-rothyl-l-pro-
panol raiocd tho woek 1init at fuo]./uir ratios grcator than 0.093. Tho 21 ccmpounds in-
vogtigatcd voro loso proficient in raioing tho mmock 1inid than conocwthylanino, dicoth-

ylenipo, and othylcacdicmino, vhich hed boca tcated provicusly.
[NOT2: Requooto for copico of thio roport ryst bo addrcoocd to: H.A.C.A., Waghington
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AMER. THLE: Knock-limited power optputs fref wCFR engine uung intorm.l coolantse” 111 =
four alkyl amines, three aliantlamines six amidee, and signt heterccyolio

pounds
ORIGINATING AGENCY: Retional Advisory Committee for Aercmautics, Weshingtom, D, C,
TRANSLATION: .
C A N U.s DATE }Accs WUs. ~ FEATURES 2
U.8. Ing. amyk  |Fob'hT tablss, grephs

ABSTRACT

Investigations were ocndmt.od to determine the antiinock effectiveness of 21 additive-
water eoluticne used as internal cocolante in conjuncticn vith AN-F-28, smendment-2, fuel
in a modified CFR engine. It vas found that three alkyl smines, six amides, and eix
heterocyclic compounds raised the knock limit of the base fuel more than an equivalsmt
amount of weter &t most of the fuel/air ratice., ZXthanolsmine and 2-amino-2-methyl-l-pro-
penol reised the Imogk limit at M/u.r retios grestsr than 0,093, The 21 compounds in-
voeotigated were less proficient in raising the imock 1imit than mcnowethylamine, dimeth-
ylanine, and ethylenedismine, vhich had been tested previocusly.
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